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Abstract 
Neostigmine and sugammadex are two medications used to reverse the neuromuscular blockade 
caused by nondepolarizing aminosteroidal neuromuscular blocking agents. Research has shown 
an association between the use of acetylcholinesterase inhibitors, such as neostigmine, and 
residual neuromuscular blockade in pediatric patients. Sugammadex has been shown to reduce 
residual neuromuscular blockade in adults without adverse effects, but minimal research has 
been performed on the effects of sugammadex in the pediatric population. Therefore, the 
objective of the present study is to compare sugammadex and neostigmine to determine if using 
sugammadex instead of neostigmine reduces postoperative adverse effects in the pediatric 
population. A systematic, computerized search was conducted on PubMed, MEDLINE, 
EMBASE, and the Cochrane Library, as well as the clinical trials registries: www.controlled-
trials.com and clinicaltrials.gov. Studies comparing sugammadex versus neostigmine in the 
pediatric population receiving nondepolarizing neuromuscular blocking agents were included. 
The present study shows that sugammadex rapidly and efficiently reverses neuromuscular 
blockade in the pediatric population with less adverse effects than neostigmine. Furthermore, it 
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Sugammadex versus Neostigmine in Reducing Postoperative Adverse 
Effects in the Pediatric Population 
In order to better understand the current anesthesia practices and implications for use of 
sugammadex versus neostigmine among pediatric patients, it is important to comprehend the 
function of neuromuscular blocking agents, neuromuscular blockade, and the function of reversal 
agents. Neuromuscular blocking agents, or paralytics, are routinely administered by anesthesia 
providers in the operating room. Many pediatric patients receive rocuronium or vecuronium for 
surgery due to fewer adverse effects. Rocuronium and vecuronium are nondepolarizing 
neuromuscular blocking agents and act by competitively blocking the binding of acetylcholine at 
the neuromuscular junction in skeletal muscle. The two agents most often used to reverse 
nondepolarizing neuromuscular blocking agents are sugammadex and neostigmine. 
Sugammadex is a selective relaxant binding agent with a novel approach to reversing 
nondepolarizing aminosteroidal neuromuscular blocking agents. It noncompetitively binds 
rocuronium and vecuronium, which separates them from nicotinic receptors at the neuromuscular 
junction, resulting in the reversal of the neuromuscular blockade. Before sugammadex, 
acetylcholinesterase inhibitors, such as neostigmine, were the only reversal agents available. 
These medications work by inhibiting the breakdown of acetylcholine. However, 
acetylcholinesterase inhibitors are associated with bradycardia, bronchospasm, and other 
muscarinic side effects. To counter these effects, anticholinergic drugs, such as glycopyrrolate, 
are administered with acetylcholinesterase inhibitors. However, anticholinergics can produce 
their own undesirable side effects, such as tachycardia and confusion.  
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Research has shown an association between the use of acetylcholinesterase inhibitors and 
residual neuromuscular blockade in pediatric patients. Postoperative residual neuromuscular 
blockade increases the risk of respiratory complications, such as pulmonary atelectasis, airway 
obstruction, and decreased oxygen saturation in all populations. Young pediatric patients could 
be at further risk for respiratory complications due to immature respiratory musculature, 
diminished functional residual capacity, and reduced surface area for gas exchange.  
Several studies have been performed that show the efficacy of sugammadex in reversing 
neuromuscular blockade in the adult population without adverse effects, but minimal research 
has been performed on the effects of sugammadex in the pediatric population.  Therefore, the 
purpose of the current study is to provide a comprehensive review of the different implications of 
the use of sugammadex and neostigmine, and to provide a better understanding of how the use of 
sugammadex can reduce postoperative adverse effects in the pediatric population. 
Methodology 
 A systematic, computerized search was conducted on PubMed, MEDLINE, EMBASE, 
and the Cochrane Library, as well as the clinical trials registries: www.controlled-trials.com and 
clinicaltrials.gov. The search was run on October 27, 2019, November 3, 2019, and November 9, 
2019. Date restrictions were placed, limiting the studies to within six years of the date of the 
search, with no language restrictions applied. The search components “sugammadex”, 
“neostigmine”, and “pediatric” were used. Studies comparing sugammadex versus neostigmine 
in the pediatric population receiving nondepolarizing neuromuscular blocking agents were 
included. The reference lists of the included studies were searched, and relevant studies were 
included. The studies include male and female pediatric patients less than 18 years of age with a 
physical status classification of I to IV who had received nondepolarizing neuromuscular 
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blocking agents and sugammadex or neostigmine. Patients and/or guardians consented to be 
included in the individual studies. 
Literature Review 
Neuromuscular blocking agents are routinely administered during induction by anesthesia 
providers in the operating room. Not only do they facilitate intubation and mechanical ventilation, 
but they also improve surgical conditions for the surgeon due to the reduction of muscle tone 
(Bruintjes et al., 2017; Martini et al., 2014). The reversal of neuromuscular blockade during 
emergence is an essential aspect of anesthesia and involves neuromuscular monitoring. 
Incomplete reversal of neuromuscular blockade can result in postoperative pulmonary 
complications such as aspiration, atelectasis, hypoxemia, and respiratory failure. Therefore, 
background information about neuromuscular blocking agents and neuromuscular monitoring is 
necessary in order to fully understand and compare the effects of neostigmine and sugammadex 
in reversal of neuromuscular blockade. 
Depolarizing Neuromuscular Blocking Agent 
The only depolarizing neuromuscular blocking agent that is currently used is 
succinylcholine. It functions by attaching itself to the acetylcholine receptor, resulting in a 
prolonged depolarization, which inactivates the receptor (Butterworth, Mackey, & Wasnick 
2018). Succinylcholine is typically not used in the pediatric population, except in emergency or 
difficult airway situations. This is because undiagnosed myopathies may be present in children, 
which could lead to complications if succinylcholine is administered. The most common 
complications include rhabdomyolysis, hyperkalemia, and profound bradycardia, which can lead 
to cardiac arrest (Butterworth et al., 2018). Because of this, the U.S. Food and Drug 
Administration (FDA) issued a black box warning for succinylcholine use in the pediatric 
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population. If succinylcholine must be administered to a pediatric patient, it is usually 
administered intramuscularly along with atropine. Atropine, an anticholinergic agent, will 
prevent the profound bradycardia that can occur with succinylcholine administration in children. 
Because of the potential for these complications to occur, nondepolarizing neuromuscular 
blocking agents are preferred in the pediatric population. 
Nondepolarizing Neuromuscular Blocking Agents 
Nondepolarizing neuromuscular blocking agents work by attaching to acetylcholine 
receptors at the neuromuscular junction. However, they do not cause a conformational change to 
the receptor, such as succinylcholine, and do not produce an action potential. Instead, they only 
block acetylcholine from binding to the receptor. 
Nondepolarizing neuromuscular blocking agents can be divided into two different 
classifications: aminosteroidal and benzylisoquinoline. Aminosteroidal neuromuscular blocking 
agents, which include rocuronium and vecuronium, are the most commonly used neuromuscular 
blocking agents. Rocuronium and vecuronium have a steroidal structure with an attached amino 
group, which is important, as the structure is what allows sugammadex to bind to it. 
Benzylisoquinoline neuromuscular blocking agents have a different structure which, does not 
bind to sugammadex, and therefore are not included in the current research. Unlike vecuronium, 
rocuronium undergoes minimal metabolism and produces no active metabolites. Therefore, the 
most commonly used neuromuscular agent to induce paralysis in the pediatric population is 
rocuronium (Tarquinio et al., 2015).  
Neuromuscular Monitoring 
The level of neuromuscular blockade should be monitored whenever a neuromuscular 
blocking agent is administered, especially in pediatric patients. Monitoring is essential to 
7 
SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
measure the level of neuromuscular blockade and to determine how much agent is required to 
reverse neuromuscular blockade. The effects of all neuromuscular agents, both depolarizing and 
nondepolarizing, can be measured. Traditionally, recovery was evaluated by the patient lifting 
their head for five seconds, squeezing the anesthesia providers’ hands, and breathing without 
difficulty (Yang et al., 2014). Most anesthesia providers now monitor neuromuscular blockade 
using peripheral nerve stimulators to measure train of four. 
Train of four. The concept of train of four monitoring using peripheral nerve stimulators 
is important as it is used in almost all research involving the administration of paralytics and 
reversal of neuromuscular blockade. The preferred location for train of four monitoring in 
pediatric patients is on the ulnar nerve, which contracts the adductor pollicis muscle (Klucka et 
al., 2019). Stimuli are applied to the ulnar nerve, and the more neuromuscular blocking agent 
bound to the neuromuscular endplate, the fewer responses to the stimuli. For example, a train of 
four of zero, or no twitches, indicates that there is > 95% neuromuscular blockade. A train a four 
of 4 (T4), or four twitches, indicates that there is < 75% neuromuscular blockade (Hunter, 2017).  
The ratio between the strength of the response of T1 and T4 is known as the train of four ratio. 
The higher the train of four ratio, the more neuromuscular blockade reversal has occurred. 
Until recently, a train of four ratio of 0.7 was considered to be a sign of sufficient neuromuscular 
recovery (Tajaate et al., 2018). This was based on the fact that tidal volume and vital capacity, 
two important respiratory parameters, begin to recover at a train of four ratio of 0.7 (Fuchs-
Buder et al., 2016).  However, new research shows that a train of four ratio of ≥ 0.9 is now 
considered to be a sign of sufficient neuromuscular recovery (Plummer-Roberts et al., 2016). 
Even though a train of four ratio of 0.9 is now considered to be the standard cutoff for sufficient 
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neuromuscular recovery, it is important to note that residual neuromuscular blockade may persist 
in some patients at that level.  
Residual Neuromuscular Blockade 
Residual postoperative neuromuscular blockade occurs when the patient experiences 
residual muscular weakness related to the incomplete reversal of neuromuscular blocking agents. 
Residual blockade can occur whether or not the patient has been given a reversal agent. Research 
by Brull et al. (2018) shows that residual neuromuscular blockade occurs in 20-60% of patients 
receiving a nondepolarizing neuromuscular agent, such as rocuronium. According to Yang et al. 
(2014), residual neuromuscular block occurs in 2-64% of patients regardless of the type of 
neuromuscular blocking agent. Fortier et al. (2015), investigated the incidence of residual block 
in patients that had received rocuronium or vecuronium and had been given a reversal agent. The 
study showed that the incidence of residual block, even after having received a reversal agent, 
was 56%. Another study by Brueckmann et al. (2015), found that 43% of patients arriving in the 
post anesthesia care unit had residual blockade with a train of four ratio < 0.9 and 11% of 
patients were found to have a train of four ratio < 0.7. A survey conducted in the United States 
and Europe amongst anesthesia providers showed that 77% of those surveyed felt that residual 
neuromuscular blockade was a major public health issue (Naguib et al., 2010).  
Residual neuromuscular blockade after administration of nondepolarizing neuromuscular 
blockers has been found to cause postoperative pulmonary complications in all populations. 
Residual paralysis postoperatively leads to impaired function of the upper airway with increased 
pharyngeal dysfunction and swallowing difficulties, leading to increased risk for aspiration 
(Tajaate et al., 2018). Residual paralysis can lead to respiratory insufficiency due to decreased 
muscle strength, as well as increasing the risk for upper airway obstruction during inhalation and 
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increasing the risk for silent aspiration (Fuchs-Buder et al., 2016; Hristovska et al., 2017). 
Patients in the post anesthesia care unit with respiratory complications were found to have higher 
incidences of residual neuromuscular blockade than patients without complications (Fuchs-
Buder et al., 2016). Other complications resulting from residual neuromuscular blockade include 
hypoxemia, hypercarbia, and atelectasis (Wiatrowski et al., 2018). Failure to ensure the reversal 
of neuromuscular blockade and to monitor for residual paralysis can lead to respiratory failure, 
prolonged intubation, and admission to the intensive care unit (ICU) (Murphy, 2018). Some 
pediatric patients are at even greater risk due to their immature respiratory musculature, 
diminished functional residual capacity, and reduced surface area for gas exchange. Other factors 
that put young pediatric patients at greater risk for postoperative respiratory failure include 
collapsible airways, loss of protective reflexes, and poor lung compliance (Trachsel et al., 2016). 
Sugammadex     
  Sugammadex, which was developed by Merck Pharmaceuticals under the trade name 
Bridion, was approved for use in adults in the United States by the Food and Drug 
Administration (FDA) on December 2015, after eight years of clinical trials (Murphy, 2016). 
Sugammadex has been approved for use in adults and children aged 2-17 years in Europe since 
2008 and in Japan since 2010. In the United States, the FDA has not approved sugammadex for 
use in children due to concerns regarding hypersensitivity and allergic reactions (Young et al., 
2016). A great deal of research has been performed in the United States comparing neostigmine 
and sugammadex in adults; however, the same research on the pediatric population of the United 
States is scarce.  
Sugammadex is a selective relaxant binding agent with a unique approach to reversing 
nondepolarizing aminosteroidal neuromuscular blocking agents. Its structure consists of a 
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modified gamma cyclodextrin ring designed to encircle aminosteroidal neuromuscular blocking 
agents, such as rocuronium or vecuronium (Nag et al., 2013). Sugammadex is able to bind to 
rocuronium and vecuronium at a ratio of 1:1 (Cada et al., 2016). The mechanism of action of 
sugammadex is unique in that it is a direct method of removing nondepolarizing neuromuscular 
blocking agents, as opposed to neostigmine, which uses an indirect method.  
              Sugammadex does not bind to plasma protein or red blood cells and does not require 
administration of anticholinergics, as it has no effect on acetylcholine, acetylcholinesterase, or 
acetylcholine receptors (Sugammadex, 2019). Sugammadex and the sugammadex-rocuronium 
complex are not metabolized by the body and are excreted unchanged by the kidneys (Nag et al., 
2013). The recommended dosage of sugammadex for adults depends upon the level of 
neuromuscular blockade. If two or more twitches are present (≥ T2), the dose is 2 mg/kg. If there 
is deep neuromuscular blockade, with no twitches, but a post-tetanic count of 1-2, then the 
reversal dose is 4 mg/kg. If there is deep neuromuscular blockade, with no twitches, and a post-
tetanic count of zero, then the reversal dose is 16 mg/kg (Merck Sharp & Dohme Corp., 2018). 
16mg/kg is considered the maximum dose of sugammadex and is typically given in a ‘cannot 
intubate, cannot ventilate’ situation (Hunter, 2017). 
Neostigmine and Glycopyrrolate 
Neostigmine functions by binding to acetylcholinesterase, which allow acetylcholine to 
build up at the neuromuscular junction. This allows acetylcholine to compete with 
nondepolarizing neuromuscular blockers at acetylcholine receptors. Although 
acetylcholinesterase inhibitors seem to be ideal for reversing nondepolarizing neuromuscular 
blockade, there are some issues associated with them. The indirect method in which they reverse 
neuromuscular blockade means that reversal can be unpredictable and recurarization is possible 
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(Hristovska et al., 2017). Recurarization occurs when the reversal medication wears off and there 
is still sufficient neuromuscular blocking agent available in the body to cause residual 
neuromuscular blockade. Another problem with acetylcholinesterase inhibitors is the autonomic 
parasympathetic responses that occur after administration. Neostigmine is associated with 
bradycardia, bronchospasm, dysrhythmias, miosis, and other muscarinic side effects 
(Neostigmine, 2019). These agents have also been implicated in causing postoperative nausea 
and vomiting (Koyuncu, 2015; Paech, 2018).  
Anticholinergic agents, such as glycopyrrolate, are administered with 
acetylcholinesterase inhibitors to blunt the autonomic parasympathetic responses that occur. 
Glycopyrrolate is generally administered with neostigmine as they have a similar onset and 
duration of action. However, glycopyrrolate can cause its own side effects such as tachycardia 
and confusion. 
Limitations of neostigmine. Although neostigmine has been used to reverse 
neuromuscular blockade for more than 50 years, it does have its disadvantages. In order for 
neostigmine to adequately reverse neuromuscular blockade, it is currently recommended there be 
at least 2 twitches (≥ T2) present using train of four monitoring. Research conducted by Tajaate 
et al. (2018), shows that neostigmine was not effective in maintaining reversal of neuromuscular 
blockade in individuals with less than 2 twitches using train of four monitoring. If neostigmine is 
given with fewer than two twitches (≤ T2), there is an increased chance of recurarization 
occurring during the postoperative period. Recurarization is the return of neuromuscular 
blockade after some period of recovery. Thus, administration of neostigmine for reversal of deep 
neuromuscular blockade is not recommended. 
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Furthermore, due to the pharmacokinetics of neostigmine, reversal to a train of four ratio 
of > 0.9 can take more than 10 minutes. Although the onset for neostigmine is 1 minute, it does 
not reach its peak effect until about 9 minutes. This constraint of neostigmine may be explained 
as a ceiling effect. Because neostigmine works indirectly at acetylcholine receptors, there is a 
point where acetylcholinesterase inhibition reaches 100%. However, even with complete 
acetylcholinesterase inhibition, acetylcholine levels have not reached a point where they can 
overcome the competitive inhibition of nondepolarizing neuromuscular blockers, such as 
rocuronium (Tajaate et al., 2018). Thus, giving more neostigmine would not have any further 
effect at reversing neuromuscular blockade. This plateau is termed the ceiling effect and is why 
there is a total maximum dose of 0.7 mg/kg or 5mg, whichever is less, during reversal 
(Hristovska et al., 2017). Several studies involving administration of neostigmine for reversal of 
neuromuscular blockade revealed it took more than 15 minutes for a train of four ratio > 0.9 after 
administration of neostigmine (Hristovska et al., 2017; Ozgun et al., 2014).  
Neostigmine is associated with several muscarinic side effects, which is why it is 
administered with an anticholinergic such as glycopyrrolate.  Even with administration of an 
anticholinergic, some muscarinic effects can occur. The most common side effects of 
neostigmine administration are bradycardia, bronchoconstriction, miosis, laxation, and nausea 
and vomiting. Bradycardia, bronchoconstriction, and nausea/vomiting are even more of a 
concern in the pediatric population as any of them can lead to hypoxemia and respiratory 
complications.  
Comparison of Neostigmine and Sugammadex 
 As previously mentioned, neostigmine requires that at least 2 twitches (≥ T2) be present 
using train of four monitoring before administration. When neostigmine is given with fewer than 
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two twitches (≤ T2), there is increased incidence of recurarization. Sugammadex does not require 
any twitches to be present using train of four monitoring, and it can even be used when there is a 
deep neuromuscular block with no post-tetanic twitches. Furthermore, there is less incidence of 
residual neuromuscular blockade with administration of sugammadex than with neostigmine. A 
study by Brueckmann et al. (2015) on adults showed that 0% of the patients reversed with 
sugammadex had any residual neuromuscular blockade, while 43% of the patients reversed with 
neostigmine had residual blockade. 
Sugammadex has also been found to have less adverse effects than neostigmine. 
Bradycardia, which was found to be the most common side effect associated with neostigmine 
administration, was present in 14% of patients. However, only 2% of patients receiving 
sugammadex experienced any bradycardia (Koyuncu et al., 2015). Information provided by  
Merck Pharmaceuticals, the manufacturer of sugammadex, suggests that bradycardia is possible, 
however, studies have shown that the incidence of bradycardia is lower in groups receiving 
sugammadex versus neostigmine (Gaver et al., 2017; Hristovska et al., 2017; Hunter, 2017). 
Issues concerning administration of sugammadex and QT prolongation were found to be not 
clinically relevant (Honing et al., 2019). 
Postoperative pulmonary complications are more common in patients receiving 
neostigmine versus sugammadex. A study by Ledowski et al. (2014) showed that reversal with 
sugammadex, or no reversal, had less postoperative pulmonary complications than administering 
neostigmine for reversal. This implies that sugammadex reduces the risk of postoperative 
pulmonary outcomes by more efficiently reversing residual neuromuscular blockade and 
presenting fewer adverse effects. It also implies that reversal with neostigmine was found to not 
be beneficial and actually had a harmful association with postoperative complications.  
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Postoperative nausea and vomiting are among the most common postoperative 
complications after anesthesia. Research shows that there is a decreased incidence in 
postoperative nausea and vomiting with administration of sugammadex versus neostigmine 
(Gonheim et al., 2018; Koyuncu et al., 2015). The study by Koyuncu et al. (2015), demonstrated 
that administration of sugammadex lowered the incidence of nausea and vomiting 
postoperatively, while administration of neostigmine increased the incidence of nausea and 
vomiting postoperatively.  It is suggested that this could be due to the faster recovery from 
neuromuscular blockade using sugammadex, but it may also be due to the muscarinic effects of 
neostigmine administration. 
Sugammadex and the Pediatric Population 
There have been many studies that show the efficacy and safety of sugammadex in 
reversing neuromuscular blockade in the adult population without adverse effects. However, the 
pharmacokinetic and pharmacodynamic profiles of medications differ between adult patients and 
pediatric patients. For example, the extracellular space is greater in children than adults and this, 
at times, requires higher doses of medications. Furthermore, in neonates, the neuromuscular 
junction is not fully developed and the affinity of receptors to rocuronium is reduced. Thus, 
larger doses of rocuronium are required, which can cause difficulties during emergence (Turk et 
al., 2019). Anesthesia-related complications during the perioperative period have been found to 
be a significant cause of childhood morbidity (Mir-Ghassemi et al., 2015). Therefore, the use of 
sugammadex is investigated to determine if it is safe in the pediatric population.   
Although there is little research in the United States regarding administration of 
sugammadex in the pediatric population, there are several studies from around the world that 
show it is safe in the reversal of neuromuscular blockade with minimal side effects. A systematic 
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review by Honing et al. (2019) researched the safety of sugammadex in different age groups. The 
review determined that sugammadex is equally as safe and effective in pediatric patients as in 
adult patient after studying adverse effects between all groups. Adverse effects associated with 
sugammadex use in adults, including anaphylaxis, hypersensitivity, QT prolongation, and 
anticoagulation, were investigated and were found not to be clinically significant. 
One concern of the FDA regarding administration of sugammadex to children involves 
issues with anaphylaxis. Several studies have shown that there is no clinically significant 
relationship between administration of sugammadex and anaphylaxis or hypersensitivity 
reactions. Sari et al. (2013) conducted a study to determine if there were any side effects 
associated with administration of sugammadex in children. The study included infants, children, 
and adolescents receiving rocuronium for neuromuscular blockade during surgery. The results 
show that there was no hypersensitivity, bradycardia, or bronchospasm related to the 
administration of sugammadex. Another study conducted by Tadakoro et al. (2018) searched for 
an association between the administration of sugammadex in children and anaphylaxis. The 
study found that 0.056% of patients had a ‘probable’ anaphylactic reaction associated with 
administration of sugammadex. Therefore, no significant association was found between the 
administration of sugammadex and anaphylaxis in pediatric patients (Tadakoro et al., 2018). 
As previously mentioned, bradycardia in one study was reported to occur in about 2% of 
the adult population. Bradycardia in children is associated with sudden death and is considered 
an early warning sign. However, studies show that the incidence of bradycardia in children is 
low, and it is more common in children receiving neostigmine than sugammadex (Gaver et al., 
2017; Honing et al., 2019; Liu et al, 2017).  A study by Simonini et al. (2019) noted that the one 
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complication that could be related to sugammadex was increased bradycardia as the dose of 
sugammadex increased.  
 Sugammadex has been shown to quickly and efficaciously reverse rocuronium induced 
neuromuscular blockade in the pediatric population. Reversal occurs when sugammadex binds 
rocuronium to form a sugammadex-rocuronium complex, thus removing it from the 
neuromuscular endplate. Several studies show that pediatric patients were able to reach a train of 
four ratio > 0.9 significantly faster than and more predictably than using neostigmine (Alonso et 
al., 2014; Ammar et al., 2017; Gaver et al., 2017; Ghoneim et al., 2018; Liu et al., 2017; Ozgun 
et al., 2014; Plaud et al., 2009; Young et al., 2016). Furthermore, other recovery parameters, such 
as muscle strength, head elevation, and return of consciousness appeared faster in the group 
receiving sugammadex (Ozgun et al., 2014). 
Plaud et al. (2009) compared reversal of neuromuscular blockade by rocuronium in 
infants, children, adolescents, and adults. In the study, he administered a placebo or 2mg/kg of 
sugammadex to patients with two twitches (T2) using train of four monitoring. The results 
showed that the group given the placebo took 21.0, 19.0, 23.4, and 28.5 minutes, respectively, to 
reach a train of four ratio of 0.9. However, the group receiving sugammadex took 0.6, 1.2, 1.1, 
and 1.2 minutes, respectively, to reach a train of four ratio of 0.9 (Plaud et al., 2009). This is 
significantly faster than the group receiving the placebo. No recurarization was observed and, 
although some adverse events were observed, they were not found to be linked to sugammadex 
administration.  
Although there is little research involving sugammadex and neonates, the studies that 
have been performed show that sugammadex is just as safe, fast, and predictable in that 
population (Alonso et al., 2014; Turk et al., 2019). Alonso et al. (2014) conducted a study on the 
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effect of sugammadex on neonates to determine its efficacy and safety. The results show that, 
although the neonatal patients showed profound neuromuscular block after administration of 
rocuronium, a dose of 4 mg/kg of sugammadex was sufficient to reach a train of four ratio > 0.9 
within minutes (Alonso et al., 2014). Furthermore, there were no observed adverse events, 
recurarization, or change in vital signs. Turk et al. (2019) conducted a retrospective study on the 
effects of sugammadex on neonates who were administered rocuronium. The mean age of the 
patients studied was 10.3 days, the mean weight of the patients was 3.0 kg, and the mean dose of 
sugammadex administered was 3.6 mg/kg. The results show that the time it took to reach a train 
of four ratio > 0.9 was 88 seconds (Turk et al., 2019). There were no signs of recurarization, and 
no adverse effects were noted.   
Dosing of sugammadex in the pediatric population is unclear as only recommendations 
are available. In countries where sugammadex is approved in children, the recommended dose 
for children aged 2-17 years is 2 mg/kg. No recommendations are currently available for children 
aged less than 2 years. This is due to a lack of data related to the administration of sugammadex 
in infants and neonates. Matsui et al. (2019) studied the effects of sugammadex in reversing 
rocuronium induced neuromuscular block in infants and children. The study consisted of 
administering different doses of sugammadex to determine the appropriate dosage in infants and 
children. Sugammadex was administered when the post-tetanic count reached 1-2, with one 
group receiving 1 mg/kg, the second group receiving 2 mg/kg, and the third group receiving 4 
mg/kg. The results showed that 1 mg/kg of sugammadex was not sufficient to reach a train of 
four ratio > 0.9 (Matsui et al., 2019). No difference was seen in the time necessary to reach a 
train of four ratio > 0.9 between the groups receiving 2 mg/kg and 4 mg/kg. This is significant, 
as it had been previously thought that a dose of 4 mg/kg was required to reverse deep 
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neuromuscular blockade. The authors noted that the faster recovery in infants and children versus 
adults could be related to the larger relative cardiac output present in infants and children 
(Matsui et al., 2019).  
As previously mentioned, sugammadex can be administered for reversal of deep 
neuromuscular blockade. Therefore, it can be given even when there are no twitches and a post-
tetanic count of zero. Studies have shown that sugammadex is able to reverse deep 
neuromuscular blockade in the pediatric population with no adverse effects (Ammar et al., 2017; 
Franz et al., 2018). Ammar et al. (2017) compared neostigmine and sugammadex in reversing 
rocuronium induced neuromuscular blockade in children. In the study, one group of children 
received 0.35 mg/kg neostigmine along with 0.02 mg/kg of atropine, while the other group 
received 4 mg/kg of sugammadex. The group receiving neostigmine/atropine had to wait until 
two twitches (T2) were present with train of four monitoring before reversal. The group 
receiving sugammadex received the dose once they had a post-tetanic count of 1-2, meaning that 
they had zero twitches with train of four monitoring. The results showed that reversal time with 
the sugammadex group was significantly faster than with the neostigmine/atropine group 
(Ammar et al., 2017). The neostigmine/atropine group reached a train of four ratio > 0.9 at 12.6 
minutes versus the sugammadex group which reached a train of four ratio of > 0.9, from a deeper 
block, at 2.5 minutes. Notably, some individuals in the neostigmine/atropine group required an 
additional dose due to recurarization. Ammar et al. (2017) went on to mention that pediatric 
patients with cardiovascular or respiratory issues should receive sugammadex instead of 
neostigmine/atropine because they may not tolerate the adverse effects associated with it. 
Franz et al. (2018) conducted a study to compare the effects of sugammadex and 
neostigmine for reversal of rocuronium or vecuronium induced neuromuscular block in pediatric 
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patients under 2 years of age. The study found that sugammadex is able to be given sooner than 
neostigmine because it can be given if the patient has a deep neuromuscular block, while 
neostigmine requires the presence of at least two twitches (T2) using train of four monitoring.  
Sugammadex has also been found to be associated with less incidence and lower severity 
of emergence agitation. Kim et al. (2018) conducted a study of children aged 1 to 13 years who 
received sugammadex after receiving rocuronium for strabismus surgery. The data shows that 
the group that received sugammadex had lower incidences of emergence agitation and lower 
severity of emergence agitation than the group receiving pyridostigmine (Kim et al., 2018).  
Limitations of Sugammadex 
Although the development of sugammadex is a breakthrough for the reversal of 
neuromuscular blockade, it does have some limitations. As previously mentioned, sugammadex 
encapsulates aminosteroidal nondepolarizing neuromuscular blocking agents. Therefore, it will 
not work on depolarizing neuromuscular blockers or benzylisoquinoline nondepolarizing 
neuromuscular blocking agents.  It has also been found that sugammadex will also encapsulate 
other steroidal compounds, such as estrogen compounds, flucloxacillin, and some antifungal 
medications (Ledowski et al., 2014). Administration of an aminosteroidal nondepolarizing 
neuromuscular blocking agent after administration of sugammadex will not produce a 
neuromuscular block, as sugammadex will continue to function for hours after administration 
(Sugammadex, 2019). A waiting time of 24 hours is recommended before re-administration of 
rocuronium or vecuronium. Benzylisoquinoline nondepolarizing neuromuscular blocking agents 
may be used instead for neuromuscular blockade. Sugammadex is an expensive medication and 
may not be available for use in all hospital settings. Therefore, alternative neuromuscular 
blockade reversal agents must be available. Sugammadex is not recommended for individuals 
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with severe renal impairment or on dialysis as the sugammadex-rocuronium complex is excreted 
unchanged via the kidneys. 
Sugammadex has been associated with hypersensitivity reactions and anaphylactic shock. 
Tadakoro et al. (2018) suggest that the gamma cyclodextrin structure of sugammadex may be 
responsible for the reactions. These structures are found in foods, dyes, and fat soluble vitamins 
and supplements. Another possibility is that the cyclodextrin structure may somehow alter the 
body’s immune response. Takazawa et al. (2016) suspect the sugammadex-rocuronium complex 
may be to blame. The most frequent symptoms associated with sugammadex related anaphylaxis 
are hypotension, tachycardia, and skin rash (Iwasaki et al., 2017). Bradycardia and a prolonged 
QT interval have occurred with some individuals soon after administration of sugammadex 
(Sugammadex, 2019). If bradycardia is observed and is symptomatic, it should be treated 
immediately with anticholinergics. Rahe-Meyer et al. (2014) suggest that prolongation of the 
activated prothrombin time, prothrombin time, and international normalized ratio (INR) can 
occur after administration with sugammadex. 
Discussion 
Sugammadex and neostigmine/glycopyrrolate are the most common agents used for 
reversal of neuromuscular blockade induced by aminosteroidal nondepolarizing neuromuscular 
blocking agents in adults. However, sugammadex has not been approved by the FDA for use in 
the pediatric population in the United States. The other option for reversal in children would be 
administration of neostigmine and glycopyrrolate, although this combination can cause a myriad 
of adverse effects. Neostigmine is associated with more postoperative pulmonary complications 
than sugammadex, and one study suggested that it is directly associated with prolonged post 
anesthesia care unit stay. Furthermore, neostigmine and glycopyrrolate cannot be used to reverse 
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deep neuromuscular blockade. Several studies have shown that sugammadex reversed 
neuromuscular blockade significantly faster than neostigmine with less side effects, and it can 
also be used to reverse deep neuromuscular blockade. Sugammadex is associated with decreased 
anesthesia time, decreased recovery time, and decreased length of hospital stay, as well as less 
postoperative complications, such as nausea, emergence agitation, and recurarization. It has been 
suggested that pediatric patients with cardiovascular or respiratory issues should receive 
sugammadex instead of neostigmine/atropine because they may not tolerate the adverse effects 
associated with administration. Furthermore, sugammadex is so unique in its function it has been 
suggested that it should be included in enhanced recovery after surgery (ERAS) protocols 
(Young et al., 2016). Sugammadex use in pediatric populations has been shown to be as equally 
safe and effective as in adult populations with minimal adverse effects. 
Off-label use of medications is common in pediatrics. It can be considered acceptable if 
the benefits outweigh the risks, especially in a life-threatening situation. Fortunately, European 
guidelines exist for sugammadex use in children and they can be utilized, if such a situation were 
to arise. One such situation would be a ‘cannot intubate, cannot ventilate’ situation. If 
sugammadex were to become a standard of care in the United States for pediatric patients, the 
patient could receive a larger dose of rocuronium in an emergent situation instead of having to 
administer succinylcholine, as the resulting deep neuromuscular block could easily be reversed 
without adverse effects. 
 There are a few limitations in the research that require discussion. There is not much 
research that has been done on the subject in the United States, as it is difficult to obtain 
permission to perform research on children. Furthermore, the use of sugammadex in children has 
not been approved by the FDA. The FDA’s concern is more than likely due to the rare 
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hypersensitivity and anaphylactic reactions that have occurred, along with episodes of 
bradycardia that have been reported in adults. Merck Sharp & Dohme Corp. (2018) did conduct 
several juvenile animal studies during preclinical trials. One of the studies compared bone 
deposition of sugammadex between juvenile and adult rats. Sugammadex deposition in juvenile 
rats was found to be 13% while deposition in adults was only 3% following a single IV dose of 
30mg/kg. Another study dosed 7 day old rats daily with increasing doses of sugammadex for 28 
days. The study showed that ulna and femur bone lengths were found to be 3% shorter in groups 
receiving 120 and 500 mg/kg daily (Merck Sharp & Dohme Corp., 2018). Tooth and enamel 
malformation, as well as discoloration, was also observed. 
Most of the studies that have been published are European studies, and most of those 
have relatively small sample sizes. Several of the studies are retrospective observational studies. 
Furthermore, the studies are limited by the accuracy of data collection and the level of blinding 
and randomization. Lastly, some of the studies have an unclear risk of bias. 
Conclusion 
Sugammadex, a selective relaxant binding agent, employs a novel method of inactivating 
nondepolarizing neuromuscular blocking agents, which rapidly and efficiently reverses 
neuromuscular blockade in the pediatric population. Administration of sugammadex is safe at all 
ages, works significantly faster than neostigmine in reversing neuromuscular blockade, and has 
fewer adverse effects than neostigmine. Furthermore, it has the ability to reverse from a deep 
neuromuscular blockade, which neostigmine cannot do. It has been found to be equally as safe 
and effective in the pediatric population as in the adult population. Nonetheless, more research 
should be performed on the subject, particularly long-term studies, to gather more data to ensure 
its effectiveness and safety in the pediatric population.  
23 
SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
References 
Alonso A., de Boer H.D., Booij L. (2014). Reversal of rocuronium-induced neuromuscular block 
by sugammadex in neonates. European Journal of Anaesthesiology, 31:163. Retrieved 
from https://journals.lww.com/ejanaesthesiology/fulltext/2014/06001/reversal_of_ 
rocuronium_induced_neuromuscular_block.459.aspx 
Ammar, A. S., Mahmoud, K. M., & Kasemy, Z. A. (2017). A comparison of sugammadex and 
neostigmine for reversal of rocuronium-induced neuromuscular blockade in children. 
Acta Anaesthesiologica Scandinavica, 61(4): 374–380.  doi: 10.1111/aas.12868 
Brueckmann, B., Sasaki, N., Grobara, P., Li, M. K., Woo, T., de Bie, J., … Eikermann, M. 
(2015). Effects of sugammadex on incidence of postoperative residual neuromuscular 
blockade: a randomized, controlled study. BJA: The British Journal of Anaesthesia, 
115(5): 743–751. doi: 10.1093/bja/aev104 
Brull, S. J., & Kopman, A. F. (2017). Current status of neuromuscular reversal and monitoring. 
Anesthesiology, 126(1): 173–190. doi: 10.1097/ALN.0000000000001409 
Butterworth, J. F., Mackey, D. C., & Wasnick, J. D. (2018). Morgan & mikhail’s clinical 
anesthesiology (6th ed.). New York, NY: McGraw-Hill Education. 
Bruintjes MH, van Helden EV, Braat AE, et al. (2017). Deep neuromuscular block to optimize 
surgical space conditions during laparoscopic surgery: a systematic review and meta 
analysis. British Journal of Anaesthesia, 118(6): 834–842. doi: 10.1093/bja/aex116 
Cada, D. J., Levien, T. L., & Baker, D. E. (2016). Sugammadex. Hospital Pharmacy, 51(7), 585- 
596. doi: 10.1310/hpj5107-585 
Fortier, L.-P., Mckeen, D., Turner, K., Médicis, É. D., Warriner, B., Jones, P. M., … Galarneau, 
24 
SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
A. (2015). The RECITE Study: a canadian prospective, multicenter study of the 
incidence and severity of residual neuromuscular blockade. Anesthesia & Analgesia, 
121(2), 366–372. doi: 10.1213/ANE.0000000000000757 
Franz, AM, Chiem, J, Martin, LD, Rampersad, S, Phillips, J, Grigg, EB. (2019). Case series of 
331 cases of sugammadex compared to neostigmine in patients under 2 years of age. 
Pediatric Anesthesia, 29(6): 591– 596. doi: 10.1111/pan.13643 
Fuchs-Buder, T., Nemes, R., Schmartz, D. (2016). Residual neuromuscular blockade: 
management and impact on postoperative pulmonary outcome. Current Opinion in 
Anaesthesiology, 29: 662–7. doi: 10.1097/ACO.0000000000000395 
Gaver, R.S., Brenn, B.R., Gartley, A., Donahue, B.S. (2017). Retrospective analysis of the safety 
and efficacy of sugammadex versus neostigmine for the reversal of neuromuscular 
blockade in children. Anesthesia and Analgesia, 129(4): 1124-1129. doi: 
10.1213/ANE.0000000000004207 
Ghoneim, A., & Beltagy, M. E. (2015). Comparative study between sugammadex and 
neostigmine in neurosurgical anesthesia in pediatric patients. Saudi Journal of 
Anaesthesia, 9(3): 247-252. doi: 10.4103/1658-354X.154696 
Gijsenbergh, F., Ramael, S., Houwing, N., & van Iersel, T. (2005). First human exposure of org
 25969, a novel agent to reverse the action of rocuronium bromide. Anesthesiology, 
103(4), 695-703. doi: 10.1097/00000542-200510000-00007 
Honing, G.H.M., Martini, C.H., Bom, A., van Velzen, M., Niesters, M., Aarts, L.P.H.J., Dahan, 
A., & Boon, M. (2019). Safety of sugammadex for reversal of neuromuscular block. 
Expert Opinion on Drug Safety, 18(10): 883-891. doi: 10.1080/14740338.2019.1649393 
Hristovska, A., Duch, P., Allingstrup, M., and Afshari, A. (2018), The comparative efficacy and 
25 
SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
safety of sugammadex and neostigmine in reversing neuromuscular blockade in adults. a 
cochrane systematic review with meta‐analysis and trial sequential analysis. 
Anaesthesia, 73: 631-641. doi: 10.1111/anae.14160 
Hunter, J. M. (2017). Reversal of residual neuromuscular block: complications associated with 
perioperative management of muscle relaxation. BJA: The British Journal of Anaesthesia, 
119, i53–i62. doi: 10.1093/bja/aex318 
Iwasaki, H., J, R. R., Kunisawa, T., & Brull, S. J. (2017). Preparing for the unexpected: Special 
considerations and complications after sugammadex administration. BMC Anesthesiology, 
17(140): 1-8. doi: 10.1186/s12871-017-0429-9 
Kim, Y. S., Cha, J. R., Lee, Y. S., Kim, W. Y., Kim, J. H., & Kim, Y. H. (2018). Sugammadex 
affects emergence agitation in children undergoing strabismus surgery. The Journal of 
International Medical Research, 46(9), 3861–3872. doi: 10.1177/0300060518781480 
Klucka, J., Kosinova, M., Krikava, I., et al. (2019). Residual neuromuscular block in paediatric 
anaesthesia. British Journal of Anaesthesia, 122(1): e1-e2. doi: 10.1016/j.bja.2018.10.001 
Koyuncu, O., Turhanoglu, S., Ozbakis Akkurt, C., et al. (2015). Comparison of sugammadex and 
conventional reversal on postoperative nausea and vomiting: a randomized, blinded trial. 
Journal of Clinical Anesthesia, 27: 51–6. doi: 10.1016/j.jclinane.2014.08.010 
Ledowski, T., Falke, L., Johnston, F., Gillies, E., Greenaway, M., De Mel, A., ... Phillips, M. 
(2014). Retrospective investigation of postoperative outcome after reversal of residual 
neuromuscular blockade: sugammadex, neostigmine or no reversal. European Journal of 
Anaesthesiology, 31(8), 423-429. doi: 10.1097/EJA.0000000000000010 
Liu G, Wang R, Yan Y, et al. (2017). The efficacy and safety of sugammadex for reversing 
26 
SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
postoperative residual neuromuscular blockade in pediatric patients: a systematic review. 
Scientific Reports, 7(1): 1-9. doi: 10.1038/s41598-017-06159-2 
Martini CH, Boon M, Bevers RF, et al. (2014). Evaluation of surgical conditions during 
laparoscopic surgery in patients with moderate vs deep neuromuscular block. British 
Journal of Anaesthesia, 112(3):498–505. doi: 10.1093/bja/aet377 
Matsui, M., Konishi, J., Suzuki, T., Sekijima, C., Miyazawa, N., & Yamamoto, S. (2019). 
Reversibility of rocuronium-induced deep neuromuscular block with sugammadex in 
infants and children—a randomized study. Biological and Pharmaceutical Bulletin, 
42(10): 1637–1640. doi: 10.1248/bpb.b19-00044 
Merck Sharp & Dohme Corp. (2018). BRIDION (sugammadex) Injection: Highlights of 
Prescribing Information. Whitehouse Station, NJ. Available from 
https ://www.merck.com/product/usa/pi circulars/b/bridion/bridion _pi.pdf. Accessed 
March 3, 2020. 
Mir-Ghassemi, A. , Neira, V. , Ufholz, L. , Barrowman, N. , Mulla, J. , Bradbury, C. L. and 
Bould, M. D. (2015), A systematic review and meta‐analysis of acute severe 
complications of pediatric anesthesia. Paediatric Anaesthesia, 25: 1093-1102.  
doi: 10.1111/pan.12751 
Murphy, G. (2016). The development and regulatory history of sugammadex in the united states. 
Anesthesia Patient Safety Foundation Newsletter. 30(3): 53-54. Retrieved from 
https://www.apsf.org/article/the-development-and-regulatory-history-of-sugammadex-in-
the-united-states/ 
Murphy, G. S. (2018). Neuromuscular monitoring in the perioperative period. Anesthesia & 
Analgesia, 126(2): 464–468. doi: 10.1213/ANE.0000000000002387 
27 
SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
Naguib, M., Kopman, A. F., Lien, C. A., Hunter, J. M., Lopez, A., & Brull, S. J. (2010). A 
survey of current management of neuromuscular block in the united states and europe. 
Anesthesia & Analgesia, 111(1): 110–119. doi: 10.1213/ANE.0b013e3181c07428 
Nag, K., Singh, D. R., Shetti, A. N., Kumar, H., Sivashanmugam, T., & Parthasarathy, S. (2013). 
Sugammadex: a revolutionary drug in neuromuscular pharmacology. Anesthesia, Essays 
and Researches, 7(3): 302–306. doi: 10.4103/0259-1162.123211 
Neostigmine. (2019). In Micromedex (Columbia Basin College Library ed.)  [Electronic version]. 
Greenwood Village, CO: Truven Health Analytics. 
Ozgun, Ç., Çakan, T., Baltacı, B., & Başar, H. (2014). Comparison of reversal and adverse 
effects of sugammadex and combination of — anticholinergic-anticholinesterase agents 
in pediatric patients. Journal of Research in Medical Sciences, 19(8): 762–768. Retrieved 
from https://www-ncbi-nlm-nih-gov.une.idm.oclc.org/pmc/articles/PMC4235098/ 
Paech, M. J., Kaye, R. , Baber, C. and Nathan, E. A. (2018), Recovery characteristics of patients 
receiving either sugammadex or neostigmine and glycopyrrolate for reversal of 
neuromuscular block: a randomised controlled trial. Anaesthesia, 73: 340-347.  
doi: 10.1111/anae.14174 
Plaud, B., Meretoja, O., Hofmockel, R., et al. (2009). Reversal of rocuronium induced 
neuromuscular blockade with sugammadex in pediatric and adult surgical patients. 
Anesthesiology, 110(2): 284–294. doi: 10.1097/ALN.0b013e318194caaa 
Plummer-Roberts, A., Trost, C., Collins, S., Hewer, I. (2016). AANA journal course—residual 




SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
Rahe-Meyer, N., Fennema, H., Schulman, S., et al. (2014). Effect of reversal of neuromuscular 
blockade with sugammadex versus usual care on bleeding risk in a randomized study of 
surgical patients. Anesthesiology, 121: 969–77. doi: 10.1097/ALN.0000000000000424 
Sari, S., Taşdemir, B., Özkısacık, S., & Gürsoy, F. (2013). Side effects of sugammadex use in 
pediatric patients. Journal of Clinical and Experimental Investigations, 4(3): 265-268. 
doi: 10.5799/ahinjs.01.2013.03.0281 
Simonini, A., Brogi, E., Calevo, M., & Carron, M. (2019). Sugammadex for reversal of 
neuromuscular blockade in paediatric patients: A two-year single-centre retrospective 
study. Anaesthesia Critical Care & Pain Medicine, 38(5): 529–531.  
doi: 10.1016/j.accpm.2019.02.010 
Sugammadex. (2019). In Micromedex (Columbia Basin College Library ed.)  [Electronic 
version].  Greenwood Village, CO: Truven Health Analytics. 
Tadokoro, F., Morita, K., Michihata, N., Fushimi, K., & Yasunaga, H. (2018). Association  
between sugammadex and anaphylaxis in pediatric patients: a nested case-control study 
using a national inpatient database. Pediatric Anesthesia, 28(7): 654–659.  
doi: 10.1111/pan.13401 
Tajaate, Najat; Schreiber, Jan-Uwe; Fuchs-Buder, Thomas; Jelting, Yvonne; Kranke, Peter. 
(2018). Neostigmine-based reversal of intermediate acting neuromuscular blocking 
agents to prevent postoperative residual paralysis: a systematic review. European Journal 
of Anaesthesiology (EJA), 35(3): 184–192. doi: 10.1097/EJA.0000000000000741 
Takazawa, T., Mitsuhata, H. & Mertes, P.M. (2016).  Sugammadex and rocuronium-induced 
anaphylaxis. Journal of Anesthesia, 30:(2), 290-297. doi: 10.1007/s00540-015-2105-x 
Tarquinio, K. M., Howell, J. D., Montgomery, V., Turner, D. A., Hsing, D. D., Parker, M. M., … 
29 
SUGAMMADEX VS. NEOSTIGMINE IN PEDIATRIC POPULATION 
Nishisaki, A. (2015). Current medication practice and tracheal intubation safety outcomes 
from a prospective multicenter observational cohort study. Pediatric Critical Care 
Medicine, 16(3): 210–218. doi: 10.1097/PCC.0000000000000319 
Trachsel, D., Svendsen, J., Erb, T.O., & von Ungern-Sternberg, B.S. (2016). Effects of 
anaesthesia on paediatric lung function. British Journal of Anaesthesia, 117(2): 151–163. 
doi: 10.1093/bja/aew173 
Turk, H. Ş., Kilinc, L., Sayin, P., Oba, Sibel. (2019). Retrospective study of the restoration of 
neuromuscular blockage with sugammadex in newborns who used rocuronium. Southern 
Clinics of Istanbul Eurasia, 30(2): 163-166. doi: 10.14744/scie.2019.05025 
Wiatrowski, R., Martini, L., Flanagan, B., Freeman, K., Sloan, N. (2018). AANA journal course 
-residual neuromuscular blockade: evidence-based recommendations to improve patient 




Yang L, Yang D, Li Q, Zuo Y, Lu D. (2014). Neostigmine for reversal of neuromuscular block 
in paediatric patients. Cochrane Database of Systematic Reviews 2014, Issue 5. Art. No.: 
CD010110. doi: 10.1002/14651858.CD010110.pub2 
Young Ju Won, Byung Gun Lim, Dong Kyu Lee, Heezoo Kim, Myoung Hoon Kong, Il Ok Lee, 
… Lee, I. O. (2016). Sugammadex for reversal of rocuronium-induced neuromuscular 
blockade in pediatric patients: a systematic review and meta-analysis. Medicine, 95(34): 
1–7. doi: 10.1097/MD.0000000000004678 
